Southeastern Anatolia Project (GAP: Guneydogu Anadolu Projesi in Turkish) is the largest regional development project in Turkey, and also one of the major projects in the world. There are 13 major projects in the lower Euphrates and Tigris basins that consist of dam's hydropower plants and irrigation schemes and accompanying growth of agriculture, transportation, industry, telecommunications, health and education sectors and services in the region. A total of 22 dams and 19 hydropower plants are to be constructed by DSI. After completion of the project, 1.7 million hectares of land will be irrigated and the ratio of irrigated land to the total GAP area will increase from 2.9 percent to 22.8 percent while that for rain-fed agriculture will decrease from 34.3 percent to 7 percent. The GAP area is bigger than Holland, Denmark, Belgium, Ireland and Luxembourg.
INTRODUCTION
The Southeastern Anatolia Project (GAP), an integrated regional development project in southeastern Turkey, has already contributed to the improvement of the economy and the life-styles of the population living not only the region, but also in the country as a whole within a period of only a few years. The GAP considers all sectors of development including agriculture, industry, transportation, housing, rural and urban infrastructures, health, education, tourism and the environment (Tortajada, 1999) .
The agricultural machinery sector is expected to further develop with the development and completion of the Southeastern Anatolia Project (GAP). The project area covers 9 provinces in the Euphrates-Tigris basins and Upper Mesopotamia plains (Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, Mardin, Siirt, Sanliurfa and Sirnak). The GAP project is a comprehensive group of projects which includes construction of dams, hydroelectric power plants and irrigation systems as well as providing developments in agricultural infrastructure, transportation, industry, education, health and in other sectors. The basic development objective in the GAP Master Plan is to transform Southeastern Anatolia into an "Export Centre based on Agriculture" (Yuzal, 2001) .
USE OF WATER RESOURCES IN THE GAP
In recent decades Turkey has made great strides in water resource development for irrigation, power generation, flood control, and other purposes. The creation of dams and reservoirs has enabled Turkey to save the water from its brief seasons of rainfall to use throughout the year for irrigation, energy, drinking and sanitation.
The GAP area is rich in water and soil resources. The Euphrates and Tigris rivers represent over 28% of the nation's water supply by rivers, and the economically irrigable areas in the region make up 20% of those for the whole country. The development of the region was originally conceived as relating to its water resources, which were later combined in a comprehensive water and land resources development package. For this purpose, 13 groups of projects were planned on the Euphrates and Tigris rivers and their tributaries by the General Directorate of State Hydraulic Works (Table 1) (Unver, 1997) .
Water resources development projects in the GAP:
Lower Electric production in the GAP Turkey has significant hydroelectric power resources (more than 104 total plants, installed capacity over 10.2 GW), and is developing a great deal more, especially as part of the $32 billion Southeast Anatolia (GAP) hydropower and irrigation project. When completed, GAP, which is considered one of the most ambitious water development projects ever undertaken, will include 22 dams, 19 hydro plants (with around 7.5 GW of power generating capacity), and a network of tunnels and irrigation canals (Demirbas, 2002) . The project, 27 billion kWh of electricity will be generated annually over an established capacity of 7460 megawatt (Tomanbay, 2000) . Hydroelectric energy production in 1995 from the GAP schemes was 16 billion kWh (Ünver, 1997) . GAPCountry Total Comparison in Energy Production in year 1995-1999 gives in Table 2 .
The Euphrates basin projects have 5304 MW installed capacity, will generate 20 billion kWh of energy and will irrigate 1 million ha of land. Fourteen dams and 11 hydroelectric power plants are planned for this basin (Ünver, 1997) .
The Tigris basin projects have 2172 MW installed capacity, will generate 7 billion kWh of electric energy and will irrigate 700 000 ha of land. Eight dams and eight hydroelectric power plants are planned for this basin (Ünver, 1997) . (Demirbas, 2002) .
The area to be irrigated accounts for 19 percent of all the economically irrigable area in Turkey (8.5 million hectares), and the annual electricity generated will account for 22, percent of the country's economically viable hydroelectric power potential, 118 billion kW. By 15 June 1998, the Ataturk and Karakaya dams, the most important investments of the GAP, had generated almost 135 billion kWh energy (Tomanbay, 2000) .
Irrigation capacity of the GAP Within this developmental framework, application of advanced irrigation and agricultural technologies is of the utmost importance. Unless new irrigation and agricultural technologies are introduced, soil degradation and salinity build-up in the soil profile will be inevitable due to the high clay content and flat slopes, in addition to very high evaporative demand. Water shortage will arise if traditional methods of irrigation are practiced (Yazar et al., 2002a) .
After completion of the project, 1.7 million hectares of land will be irrigated and the ratio of irrigated land to the total GAP area will increase from 2.9 percent to 22.8 percent while that for rain-fed agriculture will decrease from 34.3 percent to 7 percent (Tomanbay, 2000) .
Of the total cultivated area of the Region, around 3.9% were irrigated in 1985 After the completion of the GAP Project this is expected to increase to 22.6%. As of June 2002, 215,080 hectares had already been brought under irrigation (WWC, 2003) .
Corn is one of the most important crops in the Southeastern Anatolia Region (GAP) in Turkey. Common irrigation methods used for corn production in this region are wild flooding, furrow and basin irrigation. In general, the farmers over irrigate, resulting in high water losses and low irrigation efficiencies, thus creating drainage and salinity problems (Yazar et al., 2002b) .
The Ataturk Dam is the largest structure ever built in Turkey for irrigation and hydropower generation. It is located on the Euphrates River and constitutes the key unit in the GAP. When the first stage of the irrigation scheme (142,000 hectares) goes into operation it is expected to generate about 8.1 billion kwh of energy per year. With the water impounded in the Ataturk reservoir it will be possible to irrigate about 882,000 hectares of which 476,000 hectares by gravity flow and the remaining 406,000 hectares by pumping (GAP-RDA, 2003) .
The Sanl urfa Tunnels, a major unit the GAP Project, will irrigate 476,374 hectares of land, 358,000 hectares by gravity and 118,000 hectares by pumping. The system consists of two circular concrete-lined tunnels each with diameter of 7.62 meters and a length of 26.4 kilometres. The total length of the tunnels will be 57.8 kilometres, including access and connection tunnels. The tunnels will discharge water from the reservoir of Ataturk Dam at a rate of 328 cubic meters per second. The Sanl urfa main irrigation canal will irrigate 50,000 hectares and the Harran Canal will irrigate about 100,000 hectares by gravity (GAP-RDA, 2003).
Sanl urfa-Harran plain has two main canal systems. Sanl urfa main irrigation canal will irrigate 43,000 hectares of land by gravity and 5,000 hectares by pumping. The Harran main irrigation canal will irrigate 98,500 hectares by gravity. A pilot area selected from the Sanl urfa-Harran irrigation scheme is used here to show the impact of irrigation .
GAP REGIONAL DEVELOPMENT APPLICATION
The Southeastern Anatolia Project (GAP) is a regional development project aimed at the full fledged socio-economic development of the southeastern Region of Turkey, known historically as Upper Mesopotamia, which has witnessed some of the earliest civilizations in the world. GAP is the largest investment for regional development in the history of the Turkish Republic. It was originally planned in the 1970s to consist of projects for irrigation and hydraulic energy production on the Euphrates and Tigris Rivers, but transformed into a multi-sector social and economic development program for the Region in the 1980s.This integrated socioeconomic development project, called the Southeastern Anatolia Project (GAP) is one of the largest of its kind in the world (WWC, 2003) .
On the basis of the relative position of the Region in the nation's socio-economy, the development potentials and problems, and the national development aspirations, the objectives for the development of the GAP region are set as follows:
To develop all the land and water resources in the Region, in order to achieve accelerated economic and social development To alleviate disparity between the Region and other regions by increasing production and welfare levels in the Region To increase the productivity and employment capacity in the Region To meet increased need for infrastructure resulting from population explosion and urbanization To organize economic and physical infrastructure in rural areas, in such a way as to utilize the resources, in the most useful ways and to direct urban growth in desired directions To contribute to the national objectives of sustained economic growth and export promotion by efficient utilization of the Region's resources When the project is completed, the ratio of irrigated land to the total GAP area will increase from 2.9% to 22.8% while that for rain-fed agriculture will decrease from 34.3% to 10.7%. As a direct result of the introduction of irrigation, agricultural production and crop variety will increase substantially. Cropping intensity will increase from 89% to 134%. The most striking change will be in land used for cotton cultivation, which will increase from 2.8% to 25% (Unver, 1997). The cropping patterns before and after the project are given in Table 3 .
Status of GAP projects development
GAP is the most comprehensive, integrated regional development project ever attempted in Turkey, or for that matter in any developing country. The total project cost is estimated at $32 billion, of which $12.5 billion had already been invested by the end of 1996 (GAP-RDA, 1997).
When the project is completed plants to be built on the Euphrates and Tigris rivers which together flow more than 50 billion cubic metres of water annually will regulate 28 percent of Turkey's total water potential (GAP-RDA, 2003) .
Currently only 40% of the project is completed. To complete the GAP by 2010, 900 million US$/year would have to be invested. In 1999, however, only 450 million US$ were invested. So this is likely to cause a 15 year delay in implementation for energy, 37 years for agriculture and 25 years for the region's infrastructure (ETH, 2001) .
The construction of the following projects has now been completed: Sustainable development and basic strategies of GAP It is reported that worldwide around 850 million people live on land threatened by desertification. Another 500 million reside on terrain too steep to cultivate. Most of the world's rural poor live in the latitudinal band that will be most vulnerable to the effects of global warming. To make matters worse, 90% of the urban sewage in the developing world is discharged into rivers, lakes and coastal waterways without any treatment (WWC, 2003) . In spite of these bottlenecks, the GAP Region has potential in terms of water, land and human resources. The majority of the Region lies in the Euphrates and Tigris River basins. The two rivers represent over 28% of the nation's water supply by rivers and economically irrigable areas in the Region make up 20% of those for the whole country. As of 2002, around 10% of Turkey's population lived in this region. But a distinguishing feature of human resources is the number of young people. Approximately 77% of the population was under the age of 35 in the year 2002 (WWC, 2003) .
There is little doubt that all the dams and power plants will be built, and all the irrigation facilities will be completed, if not by the planned dates then not very much later. So long as financial resources are forthcoming, these physical facilities can be put in place almost like clockwork. The guarantees for such can be provided only if development is human oriented and if it is designed and implemented with a focus on sustainability.
It is known that the most important aspect of water-related development programs is the human dimension and an integrated development initiative has to bear the sustainable human development approach in its core (Yasinok, 2000) .
Sustainable development is that which ªmeets the needs of the present without compromising the ability of future generations to meet their own needs. Under this broad concept, there is a plethora of issues: social, economic, cultural, gender, educational, health, physical, agricultural, environmental etc. At the hub of all this is the human being either as the object or as the agent or both (Unver, 1997). Hence, human development in various dimensions is a sine qua non for sustainable development, and the draft strategy for Turkey's 7th Five Year Development Plan (SPO, 1995) recognizes it as such. It is also an integral part of the UNDP's Fifth Country Programmer 1995-1999 for the Republic of Turkey (UNDP, 1994) either in the form of explicit programmers such as Gender and Development, Social Development and Disparity Reduction or implicitly.
The general agreement in the room indicated that the underlying philosophy of the GAP with its vision on participatory human development presented a significant model for sustainable human development based on water and as such, it should continue and perhaps expand its human-focused implementations. The program jointly executed by GAP and UNDP was probably the most integrated and results oriented program of the UNDP and could be an example for similar projects in developing countries for the achievement of sustainable human development objectives based on water, land and human resources development and management (Yasinok, 2000) .
The ultimate aim of GAP is to ensure sustainable human development in the Region. There is an ongoing collaboration between professionals such as anthropologists and sociologists working at the micro level and economists and irrigation technologists at the macro level in order to achieve a result which makes optimal use of both physical and social features of the GAP Region. The following sustainability goals have been adapted for the development process: Increasing investments to the optimal level which would accelerate the economic conditions Enhancing health care and education services so that they reach national levels Creating new employment opportunities Improving the quality of life of the cities and improving urban and social infrastructure so as to create healthier urban environments Completing the rural infrastructure for optimal irrigation development Increasing inter-and intra-regional accessibility Meeting the infrastructural needs of existing and new industry Prioritizing protection of water, soil and air and the associated ecosystems Enhancing community participation in decision-making and project implementation Agriculture development objectives in GAP Raising levels of income in rural areas by increasing agricultural productivity and diversifying farming activities; providing sufficient inputs to agro-industries; minimize rural migration tendencies in the region by enhancing employment opportunities and contributing to the production of exportable goods.
The Southeastern Anatolia Project is one of the major projects in the world that aim change The Project (GAP) is designed to bring along social change through agricultural development based on the management of water resources. The project has already transformed water thirsty tracts of land into irrigated areas and river courses to dam lakes. However, while enhancing agricultural development in the region, the project may cause the disappearance of natural living environments of many species.
The development of agriculture in Southeastern Anatolia is a major part of the GAP Project. Agriculture is the dominant sector in the Region and accounts for nearly 40% of the gross regional product. The Region contributes 9% of value-added agriculture in Turkey. Rural development is vital to GAP, since 35% of the total population lives in rural areas and depends on agriculture for their livelihood (WWC, 2003) .
Water is one of the most important resources for agriculture in arid and semi-arid regions. GAP hopes to enable the irrigation of 1.7 million hectares of land, the idea being for Turkey to become the bread-basket and vegetable producer of the Basin. Currently the irrigated area in the South East Anatolia area amounts to about 12% of the planned projects (ETH, 2001) . Figure 1 shows the development of cereal production.
Industrial development objectives in GAP
Promoting the image of the region and the motivation and welfare of its people by being the driving force in regional economic development on the one hand and creating demand for education/training and technological change; contributing to the elimination of regional development disparities by enhancing well-paid employment opportunities and contributing to such national objectives as export promotion, foreign exchange earnings and savings. The increasing prosperity in agricultural income has also stimulated increase in small and medium industrial enterprises. In selected provinces of the Region the number of industrial units grew considerably after part commissioning of GAP. Many of these are agro based industries like cotton processing, spinning, textile, food processing etc.
Financing in GAP
The financing needs of public investments that must be made for attaining the targets and magnitudes bet by the GAP Master Plan for the period 1990-2005 is 16.5 billion dollars at 2002 fixed prices. As of the end of 2001, 8 billion dollars spent for GAP, pointing out to a cash realization ratio of 48.1% (GAP-RDA, 2003) . GAP project cost and cash realizations by sectors as the end of the year are given in Table 4 .
All these give the figure 474 million dollars as the total of GAP investments in 2002, corresponding to 6.5% as the share of GAP in total national investments. In 2002, the share of GAP investments in total increased by 22% over the previous year and reached 5.4%. However, considering the decision to complete the project fully by the year 2010, it becomes apparent that investment allocations to GAP need to be increased considerably in order to complete the project by the target year (GAP-RDA, 2003) . Taking 2005 as the target year, the GAP Master Plan projected Gross Regional Product (GRP) in quantitative terms with respect to the sectors of, agriculture, industry and services gave the following percentages indicating changes in economic structure over the base year 1985 in Table 5 .
Transformation of economic structure in GAP
The GRP index is projected to show an increase of 4.5 times throughout the period. In the same period again, while the share of agriculture in the economy of the region is projected to drop from 40 to 23 percent, increases in the shares of agriculture based industries and services are projected, respectively, as from 16 to 24 and from 44 to 53 percent. Looking at the economy of the region through these indicators, it is expected that the economy of the region will reach the stage of self-sustained growth triggered by expansion of productive employment and increase in per capita income despite population growth (GAP-RDA, 2003). 
Physical Capital
The majority of the GAP Region lies in the Euphrates-Tigris basin. The total catchments area of the Euphrates in Turkey, upstream of the Syrian border, is 103 thousand km 2 of which 22% lies within the GAP Region. The upper Euphrates basin is separated from the GAP Region by the Southeastern Taurus Mountains. The Tigris River, in the east of the GAP Region, drains a catchments of 38,000 km 2 north of the Syrian border; 30,000 km 2 of this basin lies within the GAP Region. Mean annual discharge in Turkey is estimated to be around 17 billion m 3 . The water quality of both rivers is good and suitable for irrigation with electrical conductivity values of below 0.6 mhos/cm and SAR of below 0.4. In order to utilize the available water resources, GAP envisages the construction of 22 storage dams and 19 hydro-power plants, of which 12 dams are complete and 6 hydro-power plants are in operation (WWC, 2003) .
ENVIRONMENTAL IMPACTS
To develop a model for irrigation systems to be introduced in the GAP region and to make proposals for their management, operation and maintenance. This includes a preliminary environmental impact assessment in a pilot area selected for this purpose. Possible environmental impact of irrigation in the selected area in Harran Plain in the context of MOM project was assessed by the implementing firm Halcrow-Dolsar and was presented as a report in 1994. Also, a technical report titled "Potential Environmental Impact of Large Scale Irrigation Projects in the GAP Region" was prepared.
There is a need for day-to-day information and sensitivity on various issues due to the rapid socio-economic transformation and environmental problems faced in the Southeastern Anatolia region. It is significant to find solutions to problems before the problems occur, and awareness is an important key to prevent problems. Therefore, it is crucial for the young generation in the Region to grow up with environmental awareness so as to reduce the number of environmental problems today and in the future, and to create continuity in finding solutions to environmental problems.
Within this context, teachers in primary schools who will later on increase the level of environmental awareness in the students are given a training seminar on how to "share" nature with children. GAP-RDA acts in close cooperation with Ministry of Education and its Adiyaman office, as well as Greensteps Environmental Literacy Association, an NGO experienced in environmental education.
With the establishment of a Ministry of Environment in 1991, environmental issues have taken on increased prominence. New regulations regarding sewage, medical waste, and power plant emissions will add growth to this sector. All new plants, as a part of their approval process, must submit an environmental impact assessment to the Ministry of the Environment and obtain approval before starting construction. Municipal governments nationwide also are implementing environmental projects to better handle sewage and solid waste.
The first stage of the project assessing the present situation (Ataturk dam and reservoir, sedimentation, hydrology, socio-economic structure, natural environment, underground water resources, water by-products and habitat, cultural values, land use), and examining existing legal framework was completed in 1996. Project was carried out by the implementing agency DELCAN in coordination with GAP-RDA. This World Bank-supported project aims to restore sustainable range, forest and farming activities in the Upper Euphrates watershed (which covers three provinces: Malatya, Elaz g and Adiyaman), to reduce soil degradation, erosion and sedimentation in reservoirs as well as to increase productivity and incomes (World Bank, 1993) .
The total GAP region is 7.4 million hectares; 5.5 million hectares of these are affected by moderate to very intensive water erosion. This area is volcanic and steep and erosion has been significant enough to expose underlying sub-soils and rock structures. An area of 4 million hectares now has a problem with this increased bedrock exposure. Farmers, however, still attempt to cultivate their land by removing the stones (ETH, 2001) .
Erosion has also resulted in sedimentation, 10% of the volume of the Ataturk Reservoir has been filled with sediment. However, complete sedimentation will take 500 years in this reservoir because of the Keban and Karakaya dams which are located above the Ataturk dam. This differs from the sedimentation rate of other dams in Turkey, many of which only have a 50 year lifespan. Soil erosion, due to insufficient forests and vegetation cover, is also a problem in the GAP region. Together these reasons explain why 72.3% of the region is facing intensive soil erosion (ETH, 2001) .
CONCLUSION
Foreign investors are showing a growing interest in the development of the energy sector in Turkey. Economic development and the spreading of prosperity to all people in the region will be the most effective means of creating a climate of peace and good neighbourly relations in the Middle East.
A major dilemma now faced by Turkey is how to invest in new electric power capacity while, at the same time, adhering to foreign debt ceilings under lending rules set by IMF. Over the next there decades, it is expected that many foreign investors and financiers will be interested in the Turkish hydropower market.
For several years now Turkey has already been implementing the principles of sustainable development based on water resources through activities such as GAP which involve stakeholders from multiple sectors, including the grassroots, for the purpose of achieving integrated human-focused development.
Turkey, like many countries today, faces challenges in efficiently developing and managing its water resources while working to maintain water quality and protect the environment. To add to the challenge, Turkey will need to continue to develop its water resources in order for its economic and social development to keep pace with its growing and modernizing population. 
